Electric field penetration into the metallic side of a Schottky junction is in principle a universal phenomenon, the magnitude of which increases with the semiconductor permittivity. Here, we quantitatively probe this effect using bias-dependent internal photoemission spectroscopy at the Schottky junction between a large dielectric permittivity semiconductor SrTiO 3 and gold. A clear linear reduction of the barrier height with increasing interface electric field was observed, highlighting the importance of field penetration into the gold. The interfacial permittivity of SrTiO 3 at the interface is reduced from the bulk value, reflecting intrinsic suppression at the interface. a)
Metal-semiconductor Schottky junctions are ideal platforms for studying the fundamental physics of carrier transport across heterojunctions, as well as being one of the most basic building blocks for practical electronic devices. With the current movement towards advanced functionality in complex oxide devices, various studies have examined the high sensitivity of perovskite Schottky junctions to external perturbations such as magnetic field 1, 2 , light irradiation 3 and electric field 4 . Furthermore, by applying atomic scale growth techniques in oxide thin films, oxide Schottky barrier heights (SBH) can be modulated by tuning interface dipoles 5 and introducing resonant artificial interface states 6 . Despite such progress, there is still a basic need to develop a quantitative description of the interface band structure, which determines the device operation in these systems.
Junctions utilizing SrTiO 3 as the semiconductor have been the most commonly fabricated perovskite structure, due to the accessibility of high quality single crystals with well-controlled doping. SrTiO 3 is an incipient ferroelectric, characterized by its strong electric field and temperature dependent dielectric permittivity 7,8 S ε (E,T). In SrTiO 3
Schottky junctions, S ε (E, T) modifies band bending from the familiar quadratic form to an exponential form, leading to quadratic corrections to the linear 1/C 2 -V relationship typical in semiconductors with constant permittivity 9, 10 . Here C is the depletion capacitance and V the applied voltage across the Schottky junction.
Another important feature of an incipient ferroelectric is the magnitude of the dielectric permittivity S ε , ~276 0 ε in SrTiO 3 at room temperature 9 , far larger than conventional semiconductors (11 0 ε in Si; 0 ε is the vacuum permittivity). This large permittivity, in principle, causes a voltage drop on the metal side [ Fig. 1(a) 
under reverse bias, indicating a dominant contribution from electric field penetration, rather than image force effects due to electron transport across the interface 17 [ Fig.1(b) ].
The most challenging technical requirement to measure the bias-dependence of the SBH is to maximize the voltage range over which data can be taken. A large reverse bias leakage current can hinder the measurement by 1) not applying the full voltage to the junction, and 2) by reducing the signal-to-noise ratio in the usual phase-sensitive detection scheme. It is known that the current-voltage (I-V) characteristics of Au/Nb:SrTiO 3 junctions are degraded by carbon contaminants on the Nb:SrTiO 3 surface, and that these can be removed by annealing in highly oxidizing conditions such as ozone atmosphere 18 , or by pre-evaporating bismuth metal on the surface followed by annealing in oxygen ambient 19, 20 . In the latter method, the carbon contaminants simultaneously evaporate with bismuth when the substrate is heated. Here, we applied this second procedure, followed by annealing in an RF radical-activated oxygen ambient to further 
Here q is the elementary charge. 
The result of IPE measurements under bias is shown in Fig. 2(b) ; the experimental details are given in Ref. 21 . As can be seen, the data in the vicinity of the SBH are very . Here we assume a Thomas-Fermi screening length in gold of TF λ = 0.06 nm, estimated from the free electron approximation 13 . By incorporating an experimentally determined estimate for the dielectric permittivity of gold M ε = 6.9 (Ref. 24) , a fit to the experimental data gives if ε = 195 ± 15, which is 6 similar to the bulk permittivity, indicating the dominance of the field penetration effect at this junction. In detail, the ~ 30 % reduction from the bulk permittivity can be attributed to the small electric field dependence in the permittivity expected for a lightly doped (< 10 19 cm -3 ) Nb:SrTiO 3 . The range in if ε takes into account a conservative estimate of 10 % variation in M ε or TF λ . These results give direct experimental evidence for the suppressed permittivity at the interface, which has been discussed to be the origin for the non-ideal I-V characteristics in Nb:SrTiO 3 Schottky junctions 18 and the dielectric dead layer at metal/SrTiO 3 thin film interfaces studied from first-principles calculations 25 .
Given the large permittivity found in many oxide semiconductors, the concept of field penetration is widely applicable to many oxide-based heterostructures, including functional devices 26 and nanoscale metal-oxide catalysis systems 27 . In such studies, IPE should be effective not only to provide a direct measure of the band offsets, but also to enable access to critical physical properties buried at the interface. 
